







A thesis submitted in.partial fulfilment of






The Chinese University of Hong Kong

We accept the thesis as conforming to the required standard for
the degree of
MASTER OF PHILOSOPHY
Dr. H.W. YeungDr. T.B. Lo
(Supervisor)(External Examiner)




Nly thanks are due to more people than can be named here.
who have helped me during the past two and a half years.
i wish to express my sincere gratitude to Dr. Hin-wing
Yeun.g, my supervisor. for his guidance and valuable suggestions
throughout the entire study.
I am also greatly indebted to Dr. Wing-ming Keung for his
valuable suggestions during the early part of my graduate
study. I would like to thank Dr. Tzi-Bun Ng and Ms. Wai-wan Li
for reading of this manuscript.
Special thanks are due to Nis. Wai-wan Li. Mr. Wai-kee
Cheung. N[s. shuk-han Chen. Mr. Song-ling Lin and other fellow









ELISA Enzyme-linked immunosorbant assay
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid






PAGE Polyacrylamide gel electrophoresis
PAP pokeweed antiviral protein
PAS Periodic acid-Schiff










Ribosome-inactivating proteins (RIPs) are a group of
closely related proteins which inactivate mammalian ribosomes.
They are widely distributed throughout the plant kingdom and
are present in different parts of the same plant. Tianhuafen
(root tubers of Trichosanthes kirilowii) has been used as an
abortifacient drug for centuries and in the 1970's anactive
Protein trichosanthin (TCS) has been isolated from it.
Recently 'a number of TCS-related abortifacient proteins,
including a-momorcharin,. 0-momorcharin (a-MMC, f3-MMC), f3-
trichosanthin (f3-TCS), momorcochin (MCC) and luffaculin (LFC),
have been obtained in our laboratory. More recently, it has
been found that -these proteins are similar to RIPs in regarding
to their distribution, physicochemical characteristics,
structures and biological activities. In this study
similarities of protein synthesis inhibitory and abortifacient
activities between ribosome-inactivating and abortifacient
Proteins were demonstrated. Most of the extracts from plants of
the Cucurbitaceae -family tested strongly inhibited cell-free
Protein synthesis and possessed abortifacient activity in
Pregnant mice. On the other hand, -the present finding exhibited
that extracts with high abortifacient and protein synthesis
inhibitory activities consistently showed a component with a
molecular .weight of approximate ..,30,-000 at.., the high
concentration level. Similar results were obtained from both
the extracts of seeds and roots of plants belonging to the
Cucurbitaceae family. By the quantitative assay using a rabbit
reticulocyte lysate system, the six abortifacient proteins
obtained from the Cucurbitaceae family showed to be potent
inhibitors of protein synthesis with similar potency to that
of -`'known RIPs'.' The 1 present results strongly., suggest that the
abortifacient activity of all proteins examined may be due tc
their effect on protein synthesis.
The recognition that TCS and related proteins are
RIPs coupled with the wealth of structural information on TCS,
including sequence and three-dimensional structure, enable the
structure-activity studies of RIPs using TCS as a model. The
preliminary studies of chemical modification of TCS revealed
that the inhibitory activity of cell-free protein synthesis
would be lost when arginine and lysine residues were modified,
whereas the immunoreactivity of TCS would have a detectable
difference only when lysine residues were modified. Results
show that arginine and lysine residues are necessary for
exhibition of the biological activity, but only lysine has an
effect on the expression of immunoreactivity. In view of this
preliminary finding and the structure of TCS, some inferences
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Ribosome-inactivating proteins (RIPs, Barbieri, L.
et al. 1982a) are a group of closely related proteins that
share the unusual property of being able to inactivate
eukaryotic ribosomes. Through a catalytic (enzymic) mechanism,
they render the 60 S ribosomal subunit incapable of binding the
elongation factor 2 (EF2), and in molecular level their action
is by cleaving a single N-glycosidic bond at A-4324 of the 28S
rRNA in 60 S ribosomal subunit, thus arresting protein
Synthesis.
RIPs seem to be widely distributed in the plant
kingdom (Gasperi-Campani, A. et al. 1977 1980 1985). An
updated list of plants in which RIP activity has been found was
given in Table 1.1. Furthermore, RIPs appear to present in
different parts of plants. These proteins could be identified
in seeds, roots, leaves, fruits, and latices, and were
frequently present at very high concentrations, e.g. 1-300 mg
Protein/ 100 g of plant tissue. In several cases,
of more than one active proteins. were found in a part of
the plant and it may be due to the existence of isoforms of
RIPs (Barbieri, L. et al. 1980 Stirpe, F. et al. 1981).
2TABLE 1.1 List of plants in which RIP activity has been found
Amaranthaceae








Agrostemma githago (1), Diantbus Caryophyllus (1,2), Lychnis
vulgaris (1), Saponaria officinalis (1,3), Saponaria sicula




Beta vulgaris (1), Chenopodium album (1), Chenopodium
amaranticolor (1), Spinacia oleracea (1)
Compositae




Benincasa hispida (5), Bryonia alba (4), Bryonia dioica
(5,6), Citrullus colocynthis (6), Cucurbita ficifolia (1),
Cucurbita pepo (6). Cyclonthera explodens (5), Cyclonthera
pedata'(5), Ecballium elaterium (6), Echinocystis lobate
(5), Echinocyatis wrightii (5), Lagenaria siceraria (5),
Luffa acutangola (5), Luffa aegyptiaca (5), Luffa cylindrica
(7), Luffa purgans (5),' Momordica balsamina (4), Momordica
charantia (4), Sicyos angulatus (5)
Euphorbiaceae
Acalipha indices (4), Ale.urites fordii (8), Croton
bonplandianum.(6), Croton tiglium (1), Euphorbia characias
(1), Euphorbia lathyris (6), Euphorbia pilulifera (6).
Gelonium multiflorum (4,9), Hevea brasilensis (1), Hura
crepitans (1), Jatropha curcas (1), Jatropha glauca (1),
Jatropha gossypifolia (4), Jatropha multifida (8), Jatropha
podagrica (4), Mallotus philippinensis (6), Manihot palmate
(4), Manihot utilissima (1), Putranjiba roxburghii (6),





Averia sativa (11), Hordeum vulgare (11), Secale cereale
(11), Setaria italica (1), Triticum aegilops (11), Triticum
aestivum (12), Triticum dicoccoides (11), Triticum dicoccum
(11), Zea mays (7)
Labiatae
Lavandula officinalis (1), Salvia officinalis (1)
Leguminosae
Abrus precatorius (13), Cicer arietinum (1). Crotalaria
juncea (14), Robinia pseudoacacia (1), Vicia cracca (14),
Vicia faba (1)
Liliaceae
Allium cepa (1), Asparagus aculeatus (1), Asparagus
officinalis (1), Convallaria majalis (1), Tulipa sp.(1),
Veratrum niger (1), Veratrum viridis (1)
Loranthaceae••








Adenia digitata (16), Adenia volkensii (7), Passiflora
subpeltata (1)
Phytolaccaceae












Datura stramonium (4), Solanum lycopersicon (1)
Umbelliferae
Apium graveolens (1), Daucus carota (1)
4References of Table 1.1:
(1) Gasperi-Campani et al. (1985) (2) Stirpe et al. (1981)
(3) Stirpe et al. (1983) (4) Gasperi-Campani et al. (1980)
(5) Stirpe et al. (1986b) (6) Gasperi-Campani et al.
(1977) (7) Stirpe et a1. (1986a) (8) Reynolds et al.
(1980) (9) Stirpe et al. (1980a) (10) Lin et al. (1971)
(11)*Coleman et.al.(1982) (12) Stewart et al. (1977) (13)
Lin et al. (1970) (14) Barbieri et al. (1979) (15)
Stirpe et al. (1980b) (16) Stirpe et al. (1978) (17) Obrig
et al. (1973).
5However, in some cases, detectable quantities of RIPs were only
present in a particular part of the plant. The distribution of
RIPs was quite irregular, but higher levels were found in the
seeds of Caryophyllaceae, Cucurbitaceae, Euphorbiaceae and
Phytolaccaceae, although present and previous investigations
are too limited to allow generalized conclusions on the
distribution of RIPs amongst families and genera (Barbieri, L.
et al. 1982a Gasperi-Campani, A. et al. 1985 Stirpe, F. et
al. 1986b).
1.1.2 General structure and nomenclature
According to the presence or absence of a linked
carbohydrate-binding protein, RIPs are divided into two groups.
One type of RIPS contains the plant toxin (e.g. ricin, abrin,
modeccin etc.) in which an enzymically active A-chain is linked
through a disulfide. bond to a cell-binding B-chain. These
toxins bind to and penetrate mammalian cells followed by
release of the A-chain into the cytosol where they inactivate
ribosomes and kill the cells. The other type of RIPs consists
of proteins that are single polypeptide chains and which
resemble the A-chain of the plant toxin in their physical-
chemical and enzymic properties (e.g. pokeweed antiviral
protein, gelonin, luffin etc). These proteins are relatively
non-toxic, for they lack a B-chain and bind poorly to mammalian
cells. Stirpe et al. proposed to define the single-chain
proteins as type I RIPs and the double-chain proteins as type
II RIPs (Barbieri, L. et al.. 1982a).
61.1.3 Physicochemical characteristics
All known type I RIPs show very similar
physicochemical properties. These proteins are all composed of
single polypeptide chain with the molecular weights in the
range of 23,000-32,000. They are basic proteins of pIs usually
ranging between 8-10 (Roberts, W.K. et al. 1986). 'Type II RIPs
consist of a ribosome-inactivating A chain of molecular weight
about 30,000, pI between 4-8, linked by a single disulfide bond
to a about 32,000-dalton B-chain which was a lectin with a
binding reference for galactoside. It binds much more strongly
to complex galactosides from cell surface carbohydrates than to
simple sugars. Recent studies have suggested that A and B
chains have a strong affinity for. one another, mediated by
hydrophobic forces, and that association of the chains is
necessary for toxicity. There is recent evidence to suggest
that the B chain also facilitates escape of the A chain from
endosomes into cytoplasm. In addition to the galactoside
binding uptake mechanism, ricin can be taken up by and
intoxicate those cells which possessmannose receptor. In this
case, the mannose residues of ricin are themselves recognized
by a cellular receptor (Montfort, W. et al. 1987).
Many RIPs are, glycoproteins. Neutral sugars make up
normally about 5% of the weight of these proteins but in some
cases this value might be 30% or greater (Barbieri, L. et al.
1982a- Stirpe, F. et al. 1983). RIPs containing little or no
carbohydrate have been isolated from some plants, e.g. pokeweed
(Barbieri, L. et al. 1982b), soapwort (Stirpe,'F. et al. 1983),
7and several other plant species. It revealed that the
carbohydrate component did not seem to play any major role in
the RIPs activity.
Different RIPs cross-react with specific antisera
only when they are produced by the same plant or by plants
belonging to the same family (Stirpe, F. et al. 1985 Lappi,
D.A. et al. 1985 Reisbig, R.R. et al. 1983).
The final characteristic of RIPs is that they are
very stable. Although they can readily be inactivated by
heating (Coleman, W.H. et al. 1982), they survive long storage,
repeated freezing and thawing, and are resistant to
inactivation by urea or low pH, and degradation by a number of
proteases (Reisbig, R.R. et al. 1983 Stirpe, F. et al. 1980a
1983).
1.1.4 Biological properties
1.1.4.1 Effect on protein synthesis
Type' I RIPs are potent inhibitors of cell-free
protein synthesis in a similar manner to the A-chain of the
toxins (type II RIPs). These proteins, lack a lectin-subunit,
had much less effect on whole cells since they could not
penetrate intact cells. Thus a cell-free system was
conveniently used to detect the activity of any RIPs, and to
monitor it through the purification procedure. For present
routinely assays, a lysate of rabbit reticulocyte was used
8(Pelharn, R.B. et al. 1976). In this system, a range of doses of
RIP were incubated with a rabbit reticulocyte lysate in the
present of all factors needed for the incorporation of [3H]-
leucine into newly synthesized proteins. The radioactivity
incorporated into acid-precipitable material was a measure of
the actual synthesis of protein. The percentage of inhibitory
activity of protein synthesis was presented using an ID50
(concentration of RIP giving a 50% inhibition of radioactivity
incorporation) value. Similar results have been obtained with
the S-10 extract from Ehrlich ascites cells (Coleman et al.
1982).
Type II RIPs were present as toxins consisting of an
A-chain, that was capable inhibiting protein synthesis in
vitro, linked to a lectin-like B-chain which allowed binding
and entry inside cells. Some researchers have demonstrated that
one molecule of ricin A-chain was enough to kill a cell (Eiklid
et al. 1980). Thus the percentage of protein synthesis
inhibition was a very close estimate of the percentage of cell
death. So far it has been demonstrated that RIPs are most toxic
to peritoneal macrophages,- human lymphocytes and to a less
extent, to virus-transformed and virus-infected cells
(Barbieri. L. et al. 1982a).
1.1.4.2 The other biological properties
RIPs presumably enter more easily into virus-
infected cells, either transported by the virions or because of
the increased permeability of virus-infected cells (Barbieri,
9L. et al. 1982a). Once inside the cells, the proteins will
inactivate the ribosomes, thus inhibiting the synthesis of
proteins, including viral proteins, hence preventing the
release of infectious progeny. This may well account for the
reduced number of lesions in virus-infected plants and for the
decreased virus yield observed in virus-infected cells
containing RIPs. It has been known that the first purified type
I RIP, pokeweed antiviral protein (PAP), prevented
transmission of the infection to other plants when mixed with
suspensions of tobacco mosaic virus and inhibited their
multiplication (Barbieri, L. et al. 1982a). Following the
identification of plant proteins which act on ribosomes in the
same manner as PAP, it was ascertained that many RIPs,
including type II RIPs, prevented infection by tobacco mosaic
virus (Stirpe, F.. et al. 1981). Similar results were obtained
for animal viruses (Barbieri, L. et al. 1982a).
The high toxicity of RIPs to macrophages and
lymphocytes had been studied. In view of the role of
macrophages in the immunne system, the effects of PAP, momordin
and gelonin on various -forms of the immune response were
studied (Stirpe, F. et al. 1986a). The results clearly
demonstrated that RIPs had immunomodulatory activity. They
exerted a strong inhibitory effect on the production of
antibody-secreting cells in response to the administration of a
T-dependent antigen, with no (PAP and modeccin) or less
(gelonin) ef.f.ect' on the antibody formation against -a T-dependent
antigen. It seems noteworthy that the effects occurred only
when the RIPs were given some time before, and not at the same
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time, or later than the antigen. This indicated that RIPs acted
at a very early stage of the immunity-forming process,
affecting a step which is already accomplished when RIPs given
together with antigen hit their targets.
RIPs have been conjugated to antibodies, mainly
monoclonal, to form immunotoxins specifically toxic to the
target cells of the antibody (Stirpe, F. et al. 1986a). The
immunotoxins were useful in the chemotherapy of cancer and
parasitic diseases and used to remove T-lymphocytes from bone
marrow heterografts, thus preventing the graft-versus-host
reaction. Although the use of immunotoxins as anticancer agents
has been reasonably encouraging, there have been problems due
to lack of target cell specificity. It has been observed that
if the ricin B chain cell surface binding function is
reversibly blocked, as by galactose, then immunotoxin
specificity increases. This has led to the hope that genetic
engineering. of ricin could produce more specific therapeutic
reagents (Montfort, W. et al. 1987).
1.1.5 Mechanism of action
The mechanism of inhibition of protein synthesis by
RIPs was firstly studied with ricin and other toxins. It was
reported that ricin (Montanaro, L. et al. 1973), as well as PAP
(Obrig, T.G. et al. 1973), acted on ribosomes and more
Precisely' on the 60S ribosomal subunit, which was rendered
incapable of binding the elongation factor 2 (EF 2.) (Montanard,
L. et al. 1973 Obrig, T.G. et al. 1973 Sperti, S. et al.
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1973), with subsequent inhibition of the EF 2-dependent GTPase
activity and arrest of the elongation reaction. It has been
shown that once ricin A chain reaches the cytoplasm. of a
typical eucaryotic cell, it enzymatically attacks the 60 S
ribosomal subunit and disrupts protein synthesis. Bacterial
ribosomes are not susceptible to ricin intoxication (Montfort,
W. et al.. 1987). These observations were extended to other
toxins (abrin: Benson, S. 1975 modeccin: Montanaro, L. et al.
1978), and it was ascertained that the effect on ribosomes was
due to the action of the respective A-chain. The same mode of
the action has been observed from other type II RIPs (gelonin:
Stirpe, F. et al. 1980a Momordica charantia inhibitor:
Barbieri, L. 1980).
It is noteworthy that recent studies have indicated
that the A-chain of ricin was a highly specific N-glycosidase
which inactivated ribosomes by hydrolysing a single N-
glycosidic bond between an adenine and ribose at a specific
nucleotide (A-4324) of the 28S ribosomal RNA in the ribosomes
(Endo. Y. et al. 1987a 1987b). Further observations were
extended to the other type I and type II RIPs (Endo, Y. et al.
1988 Stirpe, F. et al. 1988). The similarity of the mechanism
of RIPs action between type I and II further suggested that N-
glycosidase activity is the general mechanism of plant RIP
action.
1.2 GENERAL PROPERTIES OF ABORTIFACIENT PROTEINS
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1.2.1 Research history
In ancient China, medicinal herbs were widely used
to treat diseases. A polyprescription of Chinese herb Tian
Hua Fen was recorded to be used externally for abortion. From
long practice, the recipe had been gradually simplified into
two ingredients, through screening the composite Tian Hua Fen
prescription of seven or eight ingredients, called Tian-Zao
composite recipe. It was finally found that the active
component of Tian Hua Fen for abortion was a protein, named
trichosanthin (TCS), isolated from the root tuber of
Trichosanthes kirilowii maxim of the Cucurbitaceae family (Wang
Y. 1985).
With the structure-activity studies of TCS, the
botanically related members of the Cucurbitaceae family have
been purified and identified. It was found that these proteins
also possessed the abortifacient activity( a-momorcharin and
j3-momorchar in: Yeung H. W. et al. 1986 0-trichosanthin: Yeung
H.W. et al. 1987b momorcochin: Yeung H.W. et al. 1987c
luffaculin: Yeung H.W. et al. manuscript submitted for
publication).
On the other hand, this abortifacient property is
also found in proteins from some plants, that do not belong to
the Cucurbitaceae family (Young, H.W. 1987d). It suggests that
abortifacient proteins may be widely distributed in the plant
kingdom`and.not only restricted to the Cucurbitaceaefamily.
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1.2.2 physicochemical characteristics
So far the physicochemical characteristics.-of the
purified abortifacient proteins have been well-characterized.
These proteins contained a single polypeptide chain with
molecular weight 26,000-32,000. They are basic
proteins, pIs are higher than 8.5. Most of the abortifacient
proteins are glycoproteins except TCS which does not contain
carbohydrates (Yeung H.W. et al. 1987a).
Abortifacient proteins are relateively stable. Their
activity is not significantly affected by freeze-drying,
repeated freezing and thawing, incubation at 37°C for several
hours and long time stoage.
On the other hand, it is found that different
species of abortifacient proteins cross-react with the specific
antibody raised against TCS (Yeung H.W. et al. 1987b).
1.2.3 General structure
Up to now, structures of abortifacient proteins
are., studied mainly on TCS. The overall structure of TCS has
been reported by Wang Y. et al. (1986) and Pan K.Z. et al.
(1986). To be brief, the TCS molecule has a single polypeptide
chain of 234 amino acids. Its N-terminal is aspartic acid and
the C--terminal is a mixture of methionine and 'alanine at the
ratio of 7:3. The structure of this protein belongs to the a+B
type. It consists of eight a-helices (39% of total residues)
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and four. B-sheets (32% of total residues) which are made up of
thirteen B-strands. The ca-helices are relatively concentrated
in the centre of -the molecule, and surrounded by B-sheets. This
kind•of structural arrangement has not been reported before.
There are two domains in the molecule. The N-terminal side is
the larger one and the smaller one is near the C-terminal.
In recent years, partial results on the:•tstructures
of other abortifacient proteins have been reported. Alpha and
beta momorcharin (a- and B-MMC), as well as TCS, have a similar
conformation as shown by circular dichroism studies (Kubota, S.
et al. 1986). It has been suggested that a structural homology
exists among the abortifacient proteins.
1.2.4 Biological properties
1.2.4.1 Termination.of pregnancy
The first reported abortifacient protein, TCS, has
been applied externally as an abortifacient drug to induce mid-
term abortion in humans (-Jin Y.C. 1985) and laboratory animals
(Chang M.C. et al. 1979). The other abortifacient proteins
mentioned in fort have been identified that they were also
potent in terminating mid-gestation in laboratory animals
(Yeung H.W. et al. 1986 1987b 1987c and manuscript submitted
for publication).
Recent studies have been directed to the feasibility
of applying the abortifacient proteins to the termination of
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early pregnancy (Liu G.W. et al. 1981 1985 Tam P.P.L. et al.
1985). The termination at an earlier stage has advantages of
reducing the physiological and psychological burden on the
mother in sustaining an unwanted pregnancy and to minimize the
tissue trauma otherwise incurred in a late abortion.
1.2.4.2 Immunopharmacological and cytotoxic properties
Studies on the immunopharmacological and cytotoxic
properties of abortifacient proteins so far were mainly carried
out with TCS. The abortifacient activity of TCS has been
attributed to its selective destruction of the placental
trophoblasts, or to its. potent cytotoxicity to the placental
trophoblasts (The second laboratory. 1976 Xiong Y.Z. et al.
1976a). In addition to its abortifacient effects, TCS was also
shown to be active against the abnormal growth of trophoblastic
cells, both in vivo and in vitro (Yao J.F. 1978: Tsao S.W. et
al. 1986). On the other hand, it has been shown that TCS is a
potent. immunosuppressive protein that can affect humoral
immunity and a variety of cell-mediated processes. And TCS
could also inhibit the growth of a murine malignant tumour
(MBL-2) in vivo and in vitro (Yeung H.W. et al. 1987a Leung
K.N. et al. 1986). Recently, It was reported that the antibody-
conjugate of TCS exhibited potent cytotoxicity to tumour cells
in vitro (Wang Q.C. et al. 1987).
1.3 SIMILARITIES BETWEEN RIBOSOME-INACTIVATING AND
ABORTIFACIENT PROTEINS
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1.3.1 Similarity in physicochemical properties
As mentioned above, the physicochemical properties
of abortifacient proteins are very similar to those of RIPs,
and more precisely these proteins show high similarities to
type II RIPs in their physicochemical characteristics. In
short, they are all obtained from the higher plants. These
proteins all have single polypeptide chain with similar
molecular weights from 23,000-32,000. They are all
basic proteins with a pI higher than 8.5 and most of them are
glycoproteins. Stability against general physicochemical
changes is also shown by. these proteins.
1.3.2 Homology of structures
So far the primary and stereochemical structure of
ricin and TCS have been reported (Montfort, W. et al. 1987 Pan
K.Z. et al. 1986). It has been reported that the sequences of
ricin A-chain and TCS exhibit a strong homology (Zhang X. J. et
al. 1986). And more recently, It was found that these two
molecules have a very similar course of the polypeptide chain
(unpublished results). It seems that the conformation of TCS
is similar to the ricin A chain.
1.3.3 Identity of biological activity
The inhibitory activity of protein synthesis is a
major property of RIPs. In recent years, it was. also
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reported that abortifacient proteins inhibited protein
synthesis in cell-free reticulocyte lysate (Maraganore, J.M. et
al. 1987 Wang Q.C. et al. 1987). On the other hand, as
mentioned above, the immunotoxic and cytotoxic activity are
also found either in RIPs or in abortifacient proteins.
1.4 AIMS AND OBJECTIVES OF THE PRESENT STUDY
Nowadays, much attention has been paid to the the
mechanism of RIP action and their distribution in the plant
,kingdom.:In recent years, many proteins from the Cucurbitaceae
family were found to be -capable of inhibiting cell-free protein
synthesis (Table 1.1). And more exactly they have N-glycosidase
activity (Endo, Y. et al. 1988 Stirpe, F. et al. 1988).
Noticeably, trichosanthin and trichokirin, isolated from roots
and seeds of Trichosanthes kirilowii respectively, were shown
to have inhibitory activity of protein synthesis. Trichosanthin
inhibits protein synthesis in rabbit reticulocyte lysate
(Maragan,ore, J.M. et al. 1987 Wang Q.C. et al. 1987) and
trichokirin has the N-glycosidase activity (stirpe, F. et al.
1988). As mentioned above, trichosanthin has been used as an
abortifacient drug for centuries in China and its
immunopharmacologial and cytotoxic activities have already been
demonstrated. The abortifacient activity of trichokirin was
also detected. More importantly, most abortifacient proteins
isolated so far belong to the Cucurbitaceae family. Therefore,
it seems very possible that there is a close relationship
between the inhibitory activity on protein synthesis and
18
abortifacient activity.
In view of these facts, the present study aims at
investigating whether abortifacient proteins have ribosome
inactivating property. Besides TCS, other proteins of the
Cucurbitaceae family were also studied. On the other hand, some
RIPs were used for assay of abortifacient activity. Through
this assay and the screening test, it is expected to yield more
information on distribution, physicochemical property and
biological activity of RIPs and abortifacient proteins.
To investigate the structure-activity of
abortifacient proteins, chemical modification studies were also
carried out. This work is concentrated on the chemical
modification of TCS because its structure had been reported and
the activities were clearer than the others. The studies
include the effects of chemical modification of some amino
acids on the biological and immunological activities of TCS.
It is believed that this approach would provide valuable
insight into the structure-activity studies.
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CHAPTER 2 MATERIALS AND METHODS
2.1 MATERIALS
Fresh root tubers of Wanggua, Trichosanthes
cucumeroides (Cucurbitaceae family) were obtained from
Guangzhou, China.
Ribosome-inactivating proteins were obtained from
professor Stirpe's lab in Italy.
CM-Sepharose CL-6B, DEAE-Sepharose CL-6B, Sephadex
G-50 and SDS-PAGE calibration protein kit were products of
Sigma Chemical Company, Missouri, USA.
Freund's complete adjuvant was a product of
Calbiochem. Agarose (type II) from Sigma was used for
immurioelectrophoresis and immunodif fusion. Second antibody
(goat anti-rabbit IgG (H-FL) labelled with alkaline phosphatase)
for ELISA was purchased from Sigma.
L-[4,5-3H] leucine (1 mci/ml) was purchased from the
Radiochemical Centre, Amersham, Bucks., U.K.
All other reagents and chemicals were' of analytical
grade.
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2.2 PREPARATION OF EXTRACTS FROM PLANTS OF THE CUCURBITACEAE
FAMILY
Roots, seeds and fruits were homogenized in a
blender with enough saline (1:1, v/v for roots and fruits 1:3,
v/v for seeds) to obtain a reasonably liquid slurry. Extracts
were strained through cheesecloth, adjusted to pH 4 with 2 N
HC1, and then were centrifuged at 7000 rpm, 4°C for 10 minutes.
For preparation of crude powder (CP), the supernatants were
dialyzed* against. cold distilled water overnight and then
lyophilized. For preparation of acetone powder (AP), the
supernatants were slowly added 3.0 v/v of cold acetone (-20°C)
with constant stirring. The precipitates were allowed to stand
for over 2 hours at 4°C and then were collected by
centrifugation at 7000 rpm for 10 minutes. The acetone powder
II (P2) was prepared by acetone fractionation as described
below.
2.3 PURIFICATOIN OF ABORTIFACIENT PROTEINS
Abortifacient proteins were prepared as described in
the respective references,: trichosanthin (Yeung H.W. et al.
1987a), a-momorcharin and B-momorcharin (Yeung H.W. et al.
1986), momorcochin (Yeung H.W. et al. 1987c), luffaculin
(Yeung H.W. et al. manuscript submitted for publication).'
trichosanthin was prepared according to the previous report
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(Yeung H.W. et al. 1987b) with some modifications as described
in the following procedure.
All steps were carried out at 4°C unless otherwise
specified.
2.3.1 Extraction
Fresh tubers of Wanggua, Trichosanthes cucumeroides
were peeled, cut into small pieces, homogenized in a Waring
blender with normal saline and filterd through several layers
of cheesecloth. The extract was adjusted to pH 4 with 2N HC1
and then centrifuged at 7000 rpm for 10 minutes. The
supernatant was collected and divided into two parts. One was
dialyzed and lyophilized to give a crude powder (CP). The other
was prepared according to the procedure described below.
2.3.2 Acetone fractionation
To the crude extract, 0.8 v/v of cold acetone(-
20°C) was slowly added with constant stirring. After standing
for.2 hours, the mixture was centrifuged at 7000 rpm for 10
minutes. The precipitate (P0.8) was dissolved in distilled
water, dialyzed and lyophilized. The supernatant was then
prepared for P2.0 and P3.0 using the same method.
2.3.3 Ion exchange chromatography
P2 was dissolved in 0.05 M phosphate buffer (pH
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CHART 2.1 Scheme for fractionation of fresh root tubers
of Trichosanthes cucumeroides
Peeled root tubers
i) soak in normal saline
ii) homogenization
iii) filtration
iv) adjust pH to pH 4.0
v) centrifugation
(7,000 rpm x 10 min)
supernatantprecipitate
(discard)
i) add 0.8 vol. of cold acetone
ii) stand for 2 hours
iii) centrifugation
(7,000 rpm x 10 min)
supernatantprecipitate
i) add 2.0 vol. ofi) dialysis
cold acetoneii) lyophilization










6.4) and applied onto a CM-Sepharose CL-6B column (1.5 x 35.5
cm) preequilibrated with the same buffer. Chromatography was
carried out at room temperature at a flow rate of 60 ml/hr-and
the eluate was collected in fractions of 5 ml. After the second
peak C2 had been eluated. a linear gradient of 0- 0.3MINaC1 in
the same buffer was applied (flow rate 30 ml/hr). The eluted
fractions were monitored by absorbance at 280 nm. The protein
peak designated CI-C5 were collected, dialyzed and lyophilized.
For further purification, fraction C4 was dissolved
in 0.01 M NH4HCO3 (pH 8.3) and applied onto a DEAE-Sepharose
CL-6B column (1.5 x 35.5 cm) at a flow rate of 60 ml/hr The
column had previously been equilibrated and eluted with 0.01 M
NH4HCO3 buffer. After the first peak had been eluted, a linear
gradient of 0- 0.3 M NaCl in the same buffer was applied
(flow rate 30 ml/hr). Three fractions D1-D3 was obtained.
lyophilized and applied onto a column of gel filtration
described below.
2.3.4 Gel filtration
The fraction D1 was dissolved in PBS (phosphate
buffered saline, pH 6.4) and applied onto a Sephadex G-50
column (1.7 x 95 cm) preequilibrated with the same buffer at a
flow rate of 30 ml/hr.. The fractions were collected. dialyzed
and lyophilized.
2.4 CHARACTERIZATION OF ABORTIFACIENT PROTEINS
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CHART 2.2 Purification protecel of abortifacient



















2.4.1 Sodium dodecylsulphate polyacrylamide gel electrophoresis
(SDS-PAGE)
Electrophoresis was performed according to the
method of Laemmli (1970) with slight modifications for better
comparison of samples. The concentration of the separating gel
(0.375 M Tris pH 8.8) was 12.5% and that of the spacer gel
(0.125 M Tris pH 6.8) was 3%. Samples were diluted with sample
buffer to give a final concentration of 1-2 mg/ml, and then
boiled in water bath for 2 minutes. Samples (10-25 Al) were
applied to each well. Electrophoresis was performed at a
constant power of 10 watts per slab gel at room temperature. At
the end of the run, which required about one hour and fifteen
minutes, the slab was disassembled. The gels were stained with
0.25% Coomassie Brilliant Blue R250 for 2 hours and destained
(acetic acid: ethanol. water= 1:3:10, v/v) overnight in a
Bio-Rad gel destainer.
2.4.2 Analytical polyacrylamide gel electrophoresis
The method of. Davis (1964) for polyacrylamide gel
electrophoresis was employed. The running gel was prepared from
a 7.5% (w/v) polyacrylamide solution in 0.48 N KOH- HOAC
buffer .(pH 4.3). The spacer gel of 3% polyacrylamide solution
in 0.48 N KOH- HOAC buffer (pH 5.8) was overlaid on the
running gel and allowed to polymerize with riboflavin under the
light. The sample was diluted by a diluting solution (40%
sucrose 0.5% methyl green= 1:2) to a final protein
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concentration of 1-2 mg/ml. Samples (10-25 ul) which
corresponded to about 10-50 jig protein were applied to each
well. Electrophoresis was carried out at a constant current of
40 mA per slab gel at room temperature for about three hours
with the anode connected to the bottom reservoir. At the end of
the run, the gels were stained and destained as in SDS-PAGE.
2.4.3 Protein determination
Protein concentration was determined by the method
of Lowry et al.(1951) using bovine serum albumin as a standard.
Briefly,* to each 0.5 ml of sample, 2 ml of copper reagent (1%
C.S04.5H20. 1% K-Na-tartrate. 2% Na2CO3= 1:1:100 in 0.1 N
NaOH) was added. After mixing, the sample was allowed to stand
at' room temperature for 10 minutes and then 0.2 ml of diluted
Folin reagent (1:1 dilution) was added followed immediately by
mixing. After standing for 30 minutes at room temperature, the
absorbance at 750 nm was measured with a spectrophotometer.
2.4.4. Glycoprotein stain
The presence of carbohydrate moiety in the proteins
was confirmed by the periodic acid-Schiff (PAS) staining'
procedure according to Glossmann, H. et al.(1971). The protein,
after electrophoresis in gels (carried out as SDS-PAGE), was
fixed with 40% methanol and 7% acetic acid overnight.*Gels were
oxidized for 1 hour at 4°C with 1% periodic acid in 7% acetic
acid in' the dark. Excess periodic acid was leached out by
washing the gels in 7% acetic acid overnight. The gels were
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then incubated for 1 hour in Schiff's reagent at 4°C in the
dark. The gels were stored in 0.1 N HCl containing 1% NaZSZO5.
2.4.5 Immunological characterization
2.4.5.1 Preparation of antiserum
Male albino rabbits weighing about 3 Kg were used-to
produce a polyspecific antiserum against the protein. For the
preparation of the antiserum, rabbits were immunized
subcutaneously with the' protein emulsified (1:1 v/v) in
Freund's complete adjuvant. Two to three booster injections of
two-fold initial dose of antigens in Freund's incomplete
adjuvant were given at 10-day intervals. The rabbits were bled
ten days after the last injection. The antiserum titer was
monitored by immunodiffusion.
2.4.5.2 .Immunoelectrophoresis
Slides were prepared by layering about 10 ml of 1%
agarose (type II) in barbital buffer (0.025 M, pH 8.6) onto a
clean glass plate (10 x 10 cm) placed on a horizontal surface.
Sample wells and troughs parallel to the direction of
electrophoretic migration were cut in agarose. The samples to
be examined were placed in the wells, and an electrophoretic
separation was carried out in barbital buffer (0.025 M, pH 8.6)
for 50 minutes at an electric potential of 5 v/cm, measured
directly on the plate. Electrical contact between the agarose
and the electrode vessels. was made with strips of Whatman 3 mm
filter paper moistened in the same buffer. After
electrophoresis, the rectangular troughs were filled with the
antiserum and the gel was incubated overnight in a humid
chamber at room temperature. The slides were then pressed and
soaked for 24 hours in normal saline to remove unprecipitated
proteins. The precipitin arcs were stained with 0.1% Amido
Black 10 B and destalnod in 7% acetic acid until the background
was clear. The gel was then covered with cellophane and allowed
to dry at room temperature.
2.4.5,3 Immunodiffusion
Immunodiffusion was carried out in a way similar to
Immunoelectrophoresis except no electrophoresis was performed
prior to immunoprecipitation.
2.4.5,4 Enzyme-1inked immunosorbent assay (ELISA
• .
For conventional ELISA (Kemeny, D.M. , e t al . 198.6 ) .
microti ire plates were coated with 100 pi of antigen (0.2 tog.ml
In oi thor pit 9.6. 0.1 M carbonate-bicarbonate coating buffer or
%•
pll 7.4. phosphate buffered saline). The plates were incubated
In a humid chamber at „4°C overnight.. Unbound material was
washed off with 3 applications of washing buffer (0.05% Tween-
20 1 n PBS, p!17 . 4 ) . the wells were filled with washing buffer
(air bubbles must not bo trapped in the wells), left for 3
minutes, and then the contents were shaken out. After the third
%
wash, 200 jjI of blocking buffer (3% 118 A in PBS. pH 7.4) was
added..- the plates wore laid In a humid chamber at room
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temperature for 2 hours. Following the wash (3x), 100 l of
antisera (1st antibody, diluted with the solution of 0.1% BSA
in, washing buffer) was added, the plates were incubated at
37°C for 2 hours. After washing (3x), the wells reacted for 2
hours at 37°C with 100 jil of 2nd antibody (goat anti-rabbit IgG
(H+L) labelled• with alkaline phosphatase, diluted with the,
solution of 0. 1% BSA in washing buffer at a ratio of 1: 1000)
The plates were then washed with washing buffer (3x), 100 l of
the substrate (p-nitrophenyl phosphate, disodium in 9.7%
diethanolamine- 1 mM -magnesium chloride, pH 9.8) was added.
After incubation at 37°C for 30 minutes, the reaction was
stopped with addition of 100 Ml of 3 N NaOH. The absorbance was
read at 410 nm in an- ELISA minireader.
2.4.6 Assay of biological activity
2.4.6.1 -Abortifacient activity
Mature female ICR mice (25 .35 g), were caged with
fertile males. The presence of the copulation plug in the
following morning was designated day 1 of pregnancy,(PD 1). The
sample to be examined was administered intraperitoneally on day
11 of pregnancy (PD 11). The mice were autopsied on PD 14 and
the total number of uterine implantation sites 'were recorded.
Mice were considered aborted when the number of dead fetuses
exceeded 50% of the total implantation sites.
2.4.6.2 Inhibitory activity of cell-free protein synthesis
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2.4.6.2.1 Preparation of rabbit reticuloC ie 1V5aLU
Lysates were prepared from rabbits which had been
made anemic by phenylhydrazine chloride injection as described
by Maniatis, T. et al. (1982) with slight modifications. To
obtain anemic rabbit blood, -the rabbits (2-3 kg) were injected
with 1.0 ml, 1.6 ml, 1.2 ml, 1.6 ml and 2.0 ml of
phenylhydrazine chloride (a 1.2% solution neutralized to pH 7.5
with 1 M HEPES, pH 7.0) on days 1, 2, 3, 4 and 5, respectively.
On days 7 and 8, the rabbits were bled in the following way:
One ear was swabbed with 75% ethanol-saturated cotton and was
made a hole with a new syringe needle in the posterior ear vein
midway along the length of the ear. Each rabbit should
yield 50- 60 ml of blood, which. was collected with a little
chilled normal saline containing 0.02% heparin and then
centrifuged at 2000 rpm for 5 minutes. The packed cells were
then washed five times with chilled normal saline. The last
centrifugation step should be carried out at 8000 rpm for 10
minutes. The volume of packed cells were measured and lysed at
4°C by adding an equal volume of cold water. After mixing well,
the lysate was centrifuged at 20,000g for 10 minutes. The
supernatant was divided into 0.5 ml aliquots and frozen at-
70°C. The lysate was stable for several months at this
temperature.
2.4.6.2.2 Cell-free protein synthesis
Cell-free protein synthesis was determined with a
rabbit reticulocyte lysate as described by -Pelham, R.B. et al.
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(1976) with slightly modification. The reaction mixture (100
ul)'containing 100 mM potassium chloride, 1 mM magnesium
chloride, 15 mM Tris-HC1 (pH 8.2), 16 mM phosphocreatine,.3.5
ug of creatine kinase, 30 uM heamin, 0.75 uCi of L-[4,5-3H]
leucine and 75 ul rabbit reticulocyte lysate. Incubation was at
30°C for 5 min. The reaction was stopped by withdrawing 5 ul of
sample and delivering into 1 ml distilled water. 0.5 ml of 1 M
NaOH containing 10% H202 was then added to each diluted sample
(decolourization of the samples). After incubation at 37°C for
40 min, the protein was precipitated by the addition of 1 ml
25% trichloracetic acid (TCA). The precipitate (containing
incorporated radioactivity) was collected by filtration on
glass fibre discs (Whatman GF/C), washed with 8% TCA and dried
by vacuum pump. The filter was suspended in scintillant (67%
toluene, 33% triton x-100, 4 g/l PPO and 0.4 g/l POPOP, 5 ml)
and counted in a LS181 Beckman liquid scintillation counter.
2.5 CHEMICAL MODIFICATION OF ABORTIFACIENT PROTEINS
2.5.1 Arginine modification
Modification of TCS with phenyiglyoxal (PGO) was
performed as described by Watanabe, K. et al. (1986). In the
reaction of TCS with phenyiglyoxal, a 2 mg/ml solution of TCS
dissolved in 0.125 M sodium carbonate buffer (pH 8.3) was
mixed with an equal volume of phenyiglyoxal in the same buffer,
and teen incubated at 25°C in the dark. Aliquotswere withdrawn
at intervals and immediately diluted into ice-cold 20 mM Tris-
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HC1 buffer (pH 7.5), then dialyzed against cold distilled
water at 5°C. After four changes of water, the samples were
concentrated in Speed Vac Concentrator.
2.5.2 Lysine modification
The method of Hennecke, M. et al. (1983) for lysine
modification was employed with slightly modification. For
acetimidylation, a solution of TCS (2 mg/ml) in 0.5 M
triethanolamine-HC1 buffer (pH 8.0), at 25°C, was added to
ethyl:acetimidate solution (freshly dissolved and neutralized
with 1.9 M K2CO3). The reagent concentration was kept at 0.1 M
by five additions of 1/20 volume of 2.1 M ethyl acetimidate at
10-minute intervals. From -the second time to the fifth time, an
aliquot was taken and dialyzed ,against. distilled water
immediately to remove excess reagent before the next addition
was carried out. After changing distilled water four times, the
samples were concentrated in Speed Vac Concentrator.
The number of modified lysines was confirmed by
using the method described by Udenf riend, S. et al. (1972). The
reagent. 4-phenylspiro[furan-2(3H),1'-phthalan]-3,3'-dione
(fluorescamine), which, reacted directly with primary..amines to
form the, fluorophors,(390 nm excitation,, 475.nm- emission), was
usually used for determination of proteins. In this experiment,
it was used for assay of free lysine,residues..to determine the
amount of modified lysine residues indirectly. For the assay,
100 ul,:of the protein `solution (.1mg/ml) was first buffered to pH
9. 5 (dissolved in 1. 4 ml of 0. 2 M borate buffer, pH 9. 5), and
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then 0. 5 mlI of the fluorescamine solution (20 mg in 100 ml




3.1 SCREENING STUDIES OF EXTRACTS FROM PLANTS OF THE
CUCURBITACEAE FAMILY
3.1.1 Inhibitory activity on cell-free protein synthesis
In the present study, a rabbit reticulocyte lysate
system was used to monitor the inhibitory effect of the
extracts on protein synthesis. For preparation of the rabbit
reticulocyte lysate, young rabbits weighing 2-3 kg were used.
After injection according to the schedule of Maniatis et al.
(1982), the rabbits were bled and 80-100 ml of blood was
obtained'from each rabbit on days 7 and 8, yielding 15-20 ml of
lysate. The lysate was frozen at -700C and was found to be
stable for more than six months under this condition.
The reaction mixture for assay of protein synthesis
was mainly that of Pelham, H.R.B. et al.' (1976). In that
system,. a mixture of 19 unlabelled amino acids (minus leucine)
was added. In this study, little difference was found in the
system either containing or lacking the amino acid mixture.
Therefore, the amino acid mixture were omitted.. In the assay
step, duplicate samples was withdrawn from the incubated
reac-tion mixture and the- following operation subsequently
proceeded.
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The effects on protein synthesis of extracts from
various parts (mostly seeds and roots) of 17 plant species
belonging to the Cucurbitaceae family were summarized in Table
3.1. In all cases, inhibition occurred immediately. after
addition of the extracts to the cell-free protein synthesis
system. These extracts were obtained from the different parts
of plants (roots, seeds and fruits). Some of the extracts were
prepared from the different parts of the same plant, e.g. there
are three extracts obtained from roots, seeds and fruits of M.
cochinchinensis. All extracts were dissolved in distilled water
and the protein contents are determined by the Lowry method
(1951). The inhibitory activity of protein synthesis was
measured and compared at the same protein level 100 pg/ml.
The activity was expressed as percentage of control. Results
(Table 3.1) indicated that most of the extracts tested had
inhibitory activity on cell-free protein synthesis. It was
noteworthy that the extracts, from the root tubers of plants of
the Trichosanthes genus and the seeds of plants of the
Momordica and Luffa genera showed higher activity. These
extracts showed protein synthesis inhibitory activity in the
the range of 96-99% or almost complete inhibition. The other
noticeable finding was that all extracts, from roots, seeds and
fruits of M. 'cochinchinensis,. showed potent inhibition of
protein synthesis, whereas strong inhibition was only found in
extracts from seeds of M. charantia and the root tubers of T.
kilirowii. For the extracts obtained from 17 species, only the
extracts of S. deule either from seeds or from roots exhibited
low activity.
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TABLE 3.1 Inhibitory activity on cell-free protein synthesis
of tissue extracts from plants of Cucurbitaceae family





























roots AP 84.0S. deule (5)
seeds CP 77.0
Cucumis
seeds AP 15.0C. melo (6)
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The sources of materials were: (1) Guangzhou, China (2)
Nanjing, China (3) Sichuan, China (4) Taiwan, China (5)
Hong Kong (6) USA.
CP= crude powder
AP= acetone powder
P2= fraction 2 of acetone fractionation
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3.1.2 Protein pattern of the extracts
In the present work, just screening the protein
profile of the extracts on SDS polyacrylamide gel
electrophoresis was done. The result was shown in Fig. 3.1. On
SDS polyacrylamide gel electrophoresis, a protein band -with:
mobility corresponding to Mr 30,000, approximately, was present
in all active extracts. The staining intensity of this protein
band correlated with the potency of the inhibitory activity on
protein synthesis. The. extract, such as from seeds of C.
maxima,. which had low inhibitory activity on protein synthesis,
showed hardly a protein band in the region of 30,000 daltons on
SDS polyacrylamide gel.. However, the protein content and
inhibitory activity were well-corresponded in the extracts from
the roots of Trichosanthes genus and the seeds from Momordica
arid Luf f a genera.
A.1.3 Abortifacient activity
Abortifacient activity of extracts was assayed by
rnid-term pregnancy termination with preparations administered
on day 11 of pregnancy in mice (shown in Table 3.2). A
correlation was also found between the abortifacient and
protein synthesis inhibitory activities. The extracts, having
potent :inhibitory effects on protein synthesis, induced 80-100%
abortion at milligram or microgram level by a single
administration in mice. Corresponding to their protein profile
on SDS polyacrylamide gel electrophoresis, most of them had an
intense band at the position of about 30,000 daltons.
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Fig. 3.1 Protein scanning patterns of extracts
(1-10: roots, 11-17: seeds and 18-20: fruits) from
plants of the Cucurbitaceae family on SDS polyacrylamide
gel electrophoresis. The black arrows indicated the
position corresponding to Mr. 30,000. Of these, (S)
Molecular weight standards (from left to right):
phosphorylase b (MW 94,000), bovine serum albumin (MW
67,000), ovalbumin.(MW 43,000), carbonic anhydrase (MW
30,000), trypsin inhibitor (MW 20,100) and a-
lactalbumin:. (MW 14,400). (1) T..kirilowii. (2) T.
multicirrata. (3) T. uniflora. (4) T. rubrifles. (5) T.
bracteata. (6) T. cucumeroides. (7) M. cochinchinensis.
(8) T. nudiflora. (9) T. punctata. (10) M. heterophylla.
(11) M. charantia. (12) L. acutangula. (13) L.
cylindrica. (14) M. cochinchinesis. (15) T. kirilowwi.
(16) C. melo. (17) C. maxima. (18) C. moschata. (19) M.
..cochinchinensis. (20) M. charantia.
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The sources of materials were: (1) Guangzhou, China; (2)
Kong; (6) USA.
Mice were considered aborted ' when the number of dead
Higher than above dose would kill the mice.
CP = crude powder, AP = acetone powder, P2 = fraction 2 of
from Cucurbitceae family in mice.
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mice
Total no. of dead
fetuses total no. of
implant. sites
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7 34112 (30.4%) 27 ( 2 9% )
5 772 (9.7%) 05 ( 0% )
Nanjing-, China; (3) Sichuan, China; (4) Taiwan, China; (5) Hong
fetuses exceeded 50% of the total implantation sites,
acetone fractionation
Therefore, the extracts containing the protein band near 30,000
daltons on the SDS polyacrylamide gel, consistently exhibit
abortifacient activity.
3.2 PURIFICATION AND CHARACTERIZATION OF ABORTIFACIENT
PROTEIN FROM THE ROOT TUBERS OF WANGGUA, TRICHOSANTHES
CUCUMEROIDES
3.2.1 Purification
Fresh tubers of Wanggua, Trichosanthes cucumeroides
were collected from Guangzhou, China. The fresh material (233.7
g) was extracted with normal saline, filtered through
cheesecloth, and centrifuged at 7000 rpm for 10 minutes. The
supernatant was then fractionated with 0.8, 2.0 v/v acetone
respectively. The precipitate was dissolved in distilled
water-, dialyzed and lyophilized giving 381.1 mg of P0.8 and
218.2 mg of P2. The recovery (P2) was 0.09%. Based on the
results of the previous work (Yeung H.W. et al. 1987b), P2 was
used for the isolation of.the bioactive protein.
The P2 fraction was further fractionated. on a CM-
Sepharose CL-6B column which was preequilibrated•with 0.05 M
phosphate buffer (pH 6.4). The elution pattern was shown in
Fig.. 3.2. The P2 fraction (180 mg) was dissoved in 0.05 M
phosphate buffer and applied onto the column, then the column
was eluted with the same buffer. followed by a linear gradient
44
Fig. 3.2 Elution profile of P2 from a CM-Sepharos
CL-6B column.
P2 (180 mg) was applied to a CM-Sepharose CL-6B column
(1.5 x 35cm) preequlibrated with 0.05M PB (pH6.4). The
column was eluted with a linear gradient of 0-0.3M NaCl
in the same buffer after the peak C2' had been eluted.














of 0-0.3 M NaCl in the buffer. Two peaks (C1, C2) were first
eluted and subsequent linear gradient elution gave rise. to
fractions C3-C5. A highly active fraction C4 (56.3 mg) was
obtained. The present result was almost the same as that of the
previous work in which C5 was in correspondence with the
present C4 (Yeung H.W. et al. 1987b).
From the SDS polyacrylamide gel, a light band was
found and it was very close to the major band. To separate the
contaminant from the active fraction, exploratory separation of
P2-C4 (50 mg) was done on a DEAE-Sepharose CL-6B column which
was preequilibrated with 0.01 N NH4HCO3 (pH 8.3). After the
major perk was eluted, linear gradient elution was performed
with 0-0.3 M NaCl in the same buffer. The elution profile was
presented in Fig. 3.3. Because the eluted peak was
unsymmetrical, it was divided into two parts, named D1 and D2.
In order to get higher recovery, the D1 and D2 fractions were
lyophilized directly.
The lyophilized powder D1 and D2 were directly
applied to a Sephadex G-50 column and eluted with PBS (pH 6.4)
to give 30.6 mg of D2-G2 and 4 ing of D1-G1. The elution pattern
of P2-C4-Di was shown in Fig.3.4. Only one peak was found from
the chromatogram and the P2-C4-D1-G1 was found to be, the
expected. protein, named f3-TCS (Yeung H.W. et al. 1987b).
3.2.2 Characterization
From the previous work (Yeung H.W. et al. 1987b)
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..Fig. 3.3. Elution profile of C4 from a DEAE-Sepharose
CL-6B column.-
P2-C4 (50mg) was applied to a DEAE-Sepharose CL-6B
column (1.5 x 35cm) preequlibrated with 0.05M PB (pH
6.4). The column was eluted with a linear gradient of 0-
0.3M NaC1 in the same buffer after the peak D2 had been












Fig. 3.4 Elution profile of P2-C4-D1 a from
Sephadex G-50 column.
P2-C4-Dl (lyophilized powder without dialysis after
elution from DEAE-Sepharose CL-6B column) was applied
to a Sephadex G-50 column (1.7 x 95cm) preequlibrated
with PBS (pH 6.4). The column was eluted with the same
buffer and fractions of 5ml were collected at a flow











the molecular weight of B-TCS was found to be 28,000 It
differed from TCS in molecular weight (26,000), carbohydrate
content, charge and amino acid composition. However, it cross-
reacted with TCS against the specific rabbit antisera raised
either by TCS or by B-TCS (Yeung H.W. et al. 1987b). The
present results were conformed to these characteristics.
The protein profile of the semi-purified fractions
and B-TCS were determined by SDS polyacrylamide gel
electrophoresis, immunoelectrophoresis and immunodiffusion.
These were used routinely to monitor -the purity of fractions in
procedures of fractionation and purification. The SDS-PAGE
pattern of each fraction in the purification steps was shown
in Fig. 3.5. It was indicated- that the CP and P2 of
Trichosanthes cucumeroides root tubers were a complex mixture
and B-TCS was one of the major components in them. Ion exchange
chromatography on a CM-Sepharose CL-6B column removed most of
contaminating proteins, and P2-C4 showed that the major
component was B-TCS. Final purification of P2-C4-D1 by gel
filtration yielded f3-TCS which showed that a single band with
molecular weight 28,000. The purified B-TCS showed,- a single
band in polyacrylamide gel electrophoresis (Fig. 3.6).
Unfortunately, the purity of the P2-C4-D2-G2 was unsatisfactory
although it was obtained with higher recovery (19.1% of P2).
Similar result was shown by immunoelectrophoresis
(Fig. 3.7) and immunodiffusion (Fig. 3.8). Fraction P2--C4-D1-G1
revealed a single pricipitin arc which conformed to the result
of SDS-PAGE. The immunoelectrophoresis pattern revealed that B-
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1 2 3 4 5
Fig. 3.5 SDS polyacrylamide gel electrophoretic
patterns of (1) CP, (2) P2, (3) P2-C4 and (4) P2-C4-
D1-G1 prepared from Trichosanthes cucumeroides. And
(5) Molecular weight standards (from top downwards):
phosphorylase b (MW 94,000), bovine serum albumin (MW
67,000), ovalbumin (MW 43,000), carbonic anhydrase (MW
30,000), trypsin inhibitor (MW 20,100) and• a-
lactalbumin (MW 14,400)..
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Fig. 3.6 Polyacrylamide gel electrophoretic
patterns of Trichosanthes cucumeroides fractions. (1)






Fig. 3.7 Immunoelectrophoretic patterns of
Trichosanthes cucumeroides fractions. (1) CP, (2) P2,





Fig. 3.8 Immunodiffusion patterns of Trichosanthes
cucumeroides fractions and 13-TCS. (1) CP, (2) P2, (3) P2-




TCS was a strong basic protein because it was positive even in
-the buffer of pH 8.6. Compared with TCS (Fig. 3.9), the greater
mobility of B-TCS towards the cathode suggested that it was
more basic than TCS. The other result obtained was that B-TCS
was immunochemically identical to TCS, as shown by the total
fusion of precipitin lines in immunoelectrophoresis (Fig.
3.9). The immunodiffusion results also supported this
conclusion (Fig. 3.10[I]). Besides these properties, Fig. 3.10
also exhibited that B-TCS was not immuno-identical with either
a-MMC or B-MMC since there was no pricipitin arc produced with
rabbit anti a- and B-MMC sera (Fig. 3.10[II]). Furthermore
there was no fusion of immunoprecipitin arcs between B-TCS or
TCS and a-, B-MMC against the mixture of rabbit anti TCS, a-
MMC, B-MMC and Wanggua sera (Fig. 3.10[III1).
B-TCS gave a positive PAS reaction (Fig. 3.11) which
was a characteristic of glycoproteins. It was also different
from TCS which gave negative result with the PAS staining
(Yeung H.W. et al. 1987a) The result is consistent with the
previous work (Yeung H.W. et al. 1987b).
3:2.3 Biological activity
The bioactivity of the protein fractions were
monitored by an in vivo mid-term abortifacient assay in mice.
The results were presented in Table 3.3. As revealed by
abortifacient activity studies, a single intraperitoneal
injection of a dose as low as 0.02 mg of B-TCS per 25 g mouse






Fig. 3.9 Immunoelectrophoretic patterns of f3-TCS
and TCS. (1) f3-TCS and (2) TCS. The antibody used was
raised against CP of Trichosanthes kirilowii root tubers.
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Fig. 3.10 Immunodiffusion profiles of four proteins.
(1) TCS, (2) B-TCS, (3) a-MMC and (4) B-MMC. Antibodies
used were raised against (a) TCS, (b) CP of Trichosanthes
cucumeroides, (c) a-MMC and (d) B-MMC. And (e) was a
















Fig. 3.11 Staining of B-TCS with the periodic acid-
Schiff reagent after SDS-polyacrylamide gel
electrophoresis.
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TABLE 3.3 Mid-term abortifacient activity of protein
fractions from the roots of Trichosanthes cucumeroides in
mice
No. ofTotal no. ofNo. ofDosePreparation
aborted mice*/dead fetuses/mice(mg/25g
no. oftotal no. ofbody wt.)
treated miceimplant. sites
7/7 (100%91/91 (100%)1CP
5/5 (100%:5 73/73 (100%)0.25
4/5 (80%)70/84 (83.3%50.1
6/7 (86%)7 70/84 (83.3%0.25P2
.6 6/6 (100%89/89 (100%)0.1
1/3 (33%)16/48 (33.3%0.05 3
7/7 (100%7 107/108 (99.1%)0.05P2-C4
2/5 (40%)31/69 (44.9%)50.02
5/5 (100%)71/77 (92.2%)50.02P2-C4-D1-C1
5/67 (7.5%) 0/5 (0%)50.01
* Mice were considered aborted when the number of dead fetuse
exceeded 50% of the total implantation sites.
7
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whereas 0.05 mg of P2 per 25 g mouse body weight was required.
The increase of activity following the purification steps
indicated the enrichment of the abortifacient protein. The
results also showed that B-TCS was a potent abortifacient
protein, as well as TCS (Yeung H.W. et al. 1987a), a-MMC and B-
MMC (Yeung H.W. et al. 1986).
In view of the results presented here, the crude
powder of Wanggua, T. cucumeroides was a potent inhibitor in
the cell-free protein synthesis system. The effect of the
purified protein B-TCS on cell-free protein synthesis was
determined in a rabbit reticulocyte lysate system and showed
lower ID6o value (0.10 nM, Table 3.4).
3.3 COMPARISON OF THE BIOLOGICAL ACTIVITY OF RIBOSOME-
INACTIVATING AND ABORTIFACIENT PROTEINS
3.3.1 Effects of abortifacient proteins on cell-free protein
synthesis
In this study, IDso (concentration of the sample
giving 50% inhibition) was used to express the effects of the
six abortifacient proteins. on protein synthesis. The assay
system was similar to that of the screening test, i.e. cell-
free rabbit reticulocyte system. The sample was first dissolved
in distilled water at milligram level. Protein content was
determined by the Lowry method (1951), The sample was then
diluted to nanogram level just before assay. For more accurate
dilution. 0.1 mgml of BSA was used as the diluting solution.
Thus, control was also used 0.1 mg ml BSA solution instead of
distilled water for removing any effect of BSA. Through the
exploratory test, a 2.5-25 ngml protein concentration range
was chosen to determine IDso values. The result was plotted as
a curve of dose (concentration of protein added) : activity (%
of control). IDso was found out from the curve at the protein
concentration corresponding to 50% of control. Since error
could be' introduced by the very low protein concentration used
in the mixture, IDso values were calculated with quadruplicate
data.
The concentration : activity curves obtained from
the six proteins were shown in Fig. 3.12. IDso values of six
proteins calculated were shown in Table 3.4. The curve shapes
of the six proteins were very similar. Among the proteins
tested, j3-TCS and LFC gave lower IDso values and exhibited
stronger inhibitory activity of protein synthesis than the
other.s . Whereas MCC had higher IDso value, indicating that its
inhibitory activity of protein synthesis was lower.
3.3.2 Abort ifacient activity of ribosome-inactivating proteins
It has been indicated that abortifacint proteins
tested are potent inhibitors of cell-free protein synthesis in% 1
the works of Maraganore , J.M. et a_l. ( 1987 ) and Wang Q.C. et
al . (1987), and the result presented here. They showed the
inhibitory activities at nanogram level which is similar to
RIPs . Therefore it would be of interest to find out whether
TABLE 3.4 Inhibitory effect of six purified proteins on
protein synthesis of cell-free rabbit reticulocyte system
IDs o: ngml (nM
prot eir
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(3-MMC (0-momorcharin) : 28,000
MCC (momorcochin): 32,000
LFC (luffaculin): 28,000
Fig. 3.12 Effect of six purified proteins on
protein synthesis by a rabbit reticulocyte lysate. [•-•]
trichosanthin ; [-] £-trichosanthin ; a-momorchar in ;
















RIPs have abortifacient activity. In this study, RIPs (provided
by Professor Stirpe of Italy) were used to determine
abortifacient activity by a single intraperitoneal injection of
0.05 mg per 25 g mouse body weight. The result showed that
several RIPs single injected to pregnant mice on PD l1 caused
the death of a number of fetuses (shown in Table. 3.5). The
abortifacient activity was from 33% in case of gelonin to 80-
100% in all the other cases. The doses of RIPs injected was at
the same level of the abortifacient proteins. It is noteworthy
that four RIPs from Momordica charantia showed strong
abortifacient activity as a-MMC and -MMC did which were
isolated from the same plant.
3.4 CHEMICAL MODIFICATION OF ABORTIFACIENT PROTEINS
Chemical modification of abortifacient proteins was
concentrated on the modification of arginine and lysine
residues. For the six abortifacient proteins studied here,
only the sequence of TCS has been reported, and its biological
properties were better studied. Therefore, TCS was selected for
arginine and lysine modification.
3.4.1 Chemical modification of arginine residues
In this study, phenylglyoxal (PGO) was used as the
modifying reagent. The effect of arginine-modified TCS on
protein synthesis was determined by a rabbit reticulocyte
lysate system (shown in Table 3.6). The result showed that









































































PAP-S 0 . 01 6 8383 (ioo%; £ £ (100%)
Gelonin 0 . 05 6 309C { 3 3% ) 9 £ (33%,
Mice were considered aborted when the number of dead fetuses
exceeded 50% of the total implantation sites.
Ribosome-inactivating proteins were obtained from professor
Stirpe's lab in Italy. RIPs 1-4 were different fractions of
crude powder from seeds of Momordica charantia by Sepharose
4B chromatography (Barbieri, L. ejt erl. 1980). In same way,
RIPs 5-9 were from the seeds of Saponaria officiualis by CM-
cellulose chromatography (Stirpe, F. ejt eLL. 1983). PAP-S and
gelonin were purified from the seeds of Phytolacca americana
L. and Gelonium multilorum, respectively (Barbieri, L.
et aI. 1982b; Stirpe, F. et al.1980a).
TABLE 3.6 Effect of arginine-modified TCS on cell-free
protein synthesis
Each sample was incubated with 10 mM PGO,
0.125 M NH4CO3 buffer (pH 8.3) at 25°C and in the dark
for different time periods. The activity was presented as %




activity (% of control) .
Expt.1 Expt.2 Expt.3 average
1 10 mfn 51 . 0 53 . 6 57 . 6 54. 1
2 30 min 40 . 5 43. 3 39.5 41. 1
3 1 hr 28.1 31.7 29.4 29.7
4 3 hr 17 . 0 12 . 5 17.7 15 . 7
5 10 hr 11 . 2 4.9 11 . 5 9.2
when TCS was incubated with a 260-fold molar excess of PGO at
pH 8.3 and 25°C, the inhibitory activity on cell-free protein
synthesis was lost rapidly. The time required for 50%
inactivation under these conditions was about 10 minutes. With
increase of the incubation time, the activity was lost
stepwisely. Even if the incubation time was extended to 3 hours
and 10 hours, the activity was also remained 25% and 17%,
respectively.
••
With the limitation of time, the number of modified
arginine residues was not determined. Theoretically; arginine
residues would have; a change in charges after the modification.
This characteristic could be detected by Immunoelectrophoresis.
The result was consistent with the theoretical prediction
(shown in Fig. 3.13). It indicated that the modification made
TCS less basic.
The arginine-modified TCS, incubated with PGO for 10
hours,, was used as antigen to prepare antiserum specific for
itself. For preparation of antiserum, rabbits were given
subcutaneous injection of the arginine-modified TCS emulsified
with an equal volume of Freund's complete adjuvant 10 days•«•
apart. From the second injection, Freund's incomplete adjuvant
was used instead of Freund's complete adjuvant. The rabbits
were bled ten days after the third injection. The antiserum wasI , »
used to determined the immunoactivity by a sensitive method:
enzyme-'l inked immunosorbant assay (ELISA). In the assay,
antisera raised against TCS and arginine-modified TCS were used






Fig. 3.13 Immunoelectrophoresis profile of arginine-
modified TCS. The reaction of TCS with 10 mM PGO, took
place at pH 8.3, 25°C and in the dark for 10 min (2), 30
min (3), 1 hr (4), 3 hr (5) and 10 hr (6); native TCS was
the control (1). The antiserum raised against TCS was
used.
by the titre of the first antibody. Results (Fig. 3.14) showed
that no detectable difference between TCS and arginine-modified
TCS against rabbit anti-TCS serum (Fig. 3.14[a]) was found.
Similar results were also obtained from Fig. 3.14[b], a system
of TCS and arginine-modified TCS against rabbit anti arginine-
modi fied TCS.
3.4.2 Chemical modification of lysine residues
Acetimidy1ation was employed for lysine
modification. The reagent. ethyl acetimidate, was reacted with
the TCS solution at constant concentration for different time
periods. Because the half-life of ethyl acetimidate was very
short (about 5-10 min), the reagent was added 10 min apart
after the first addition in order to keep the concentration of
the reagent constant during the whole incubation periods. For
determination of the number of modified lysine residues, an
indirect method was used to detect primary amines by
f luor escamine (Udenfriend, S. ejt aT. 1972). In the highly
specific reaction of acetimidylation, ethyl acetimidate would
only reacts with the primary amino groups of lysine and
histidine residues. However, histidine does not have primary
amino groups. Therefore, the decrease of the free primary amino
groups presented by the decrease of fluroabsorbance should
correspond to the modified lysine residues.
__
It was reported that TCS contains eight lysine
residues (Wang Y. ejt eQ. 1986). When reacted with ethyl
acetimidate, seven lysine residues of TCS could be
Fig. 3.14 Enzyme-linked immunosorbent assay (ELISA)
of arginine-modified TCS (®-©) (reacted with phenylglyoxal
at pH 8.3, 25°C for 10 hr) and native TCS . The
first antibodies were antisera raised against TCS [a] and
















acetimidylated. The inhibitory activity on cell-free protein
synthesis also decreased with the modification (shown in Table
3.7). The time reiquired for 50% inactivation was about 15 min.
The first lysine seems difficult to be modified (Fig. 3.15),
whereas the other lysine residues could be modified gradually,
and as long as this lysine residue was modified, the inhibitory
activity would be decreased by about 60%. The other finding was
that there was a lysine residue which could not be modified,
even when the reaction time was extended to 50 min.
The effect of lysine modification on immunoactivity
was determined by ELISA. Slight difference was obtained (shown
in Fig. 3.16) between TCS and lysine-modified TCS which was
incubated with ethyl acetimidate for 50 min. It revealed that
by this sensitive assay, changes in immunoreactivity are found
between TCS and lys i ne-niodi f i ed TCS.
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TABLE 3.7 Effect of lysine-modified TCS on cell-free protein
synthesis
Each sample was incubated with 0.1 M ethyl
acetimidate, pH 8.0 at 25°C for different time periods. The
activitywas presented as% of control which was the activity
of native TCS.
The number of modified lysines was confirmed












(5.86 (5.81 (5.75) (5.81
23.250 14.7 13.1 17.05
(7.13 (6.85 (7.01)(7.04)
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Fig. 3.15 Modification of lysine residues and loss of
inhibitory activity on protein synthesis in TCS after
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1:10,280 1:40,960 1:163,840 1-655,360 1:2621,440,n
Serum Dilution
Fig. 3.16 Enzyme-linked immunosorbent assay (ELISA)
of lysine-modified ICS (-★) (reacted with ethyl
acetimidate at 25°C, pH 8.0 for 50 inin) and TCS ( •- •).
The first antibody was raised against native TCS.
P 0.05
CHAPTER 4 DISCUSSION
4.1 SCREENING STUDIES ON EXTRACTS FROM PLANTS OF THE
CUCURBITACEAE FAMILY
Ribosome-inactivating proteins are a group of
closely related proteins from higher plants which inactivate
eukaryotic ribosomes. Abortifacient proteins are plant proteins
which induce mid-term abortion and terminate early pregnacy.
Recently similarities between these two sorts of proteins have
been found in their distribution, structure, physicochemical
properties and biological activity. It reveals a very close
relationship between the two groups of plant proteins. In this
study, screening studies on protein synthesis inhibitory and
abortifacient activities in plants at the crude extract level,
especially in plants of the Cucurbitaceae family, were employed
in order to widen the existence and relationship of the two
groups of proteins.
Through screening extracts from plants of the
Cucurbitaceae family for protein synthesis inhibitory activity,
a very high percentage of the extracts tested were found to
have RIP-like activity. Of the 22 extracts from various parts
9
of 17 plant species belonging to 8 genera, 16 extracts were
found to inhibit protein synthesis by more than 90%, 3 caused
65-85% inhibition and 3 less than 25% inhibition. Only one
plant, deule, showed low inhibitory activity in the various
parts tested (Table 3.1). This result strongly supportedt
findings in the literature. So far ribosome-inactivating
activity has been tested in 142 plant species belonging to 35
families. Of these, plant extracts from 103 species belonging
to 29 families showed the inhibitory activity on cell-free
protein synthesis (Table 1.1), and the other 39 belonging to 12t-r,
families were inactive (Barbieri, L. ejt aT. 1982a; Gasteri-
Cainpani , A. ejt aT. 1977, 1980, 1985; Stirpe, F. ejt a_l. 1986a,
1986b). It is noteworthy that among these 103 species which
showed protein synthesis inhibitory activity, 40 of them
belong to the Cucurbitaceae (19 species) and the Euphorbiaceae
(21 species) families. However, out of the 39 inactive plant
species, 13 of them belong to the Euphorbiaceae family, and
none of them belongs to the Cucurbitaceae family. It suggests
that the ribosome-inact ivating activity is more wri de ly
distributed in plants of the Cucurbitaceae family (Gasteri-
Campani ; A. e_t al_. 1985; Stirpe, F. ejt al_. 1986a). In the
present study, 14 species which showed protein synthesis
inhibitory activity have not been tested before.
The extracts sharing inhibitory activity on cell-
free protein synthesis were obtained not only from different
plants but also from various parts of the same plant. The
result showed that strong inhibitory activity on protein
synthesis was found in the roots of the Trichosanthes genus and
J
the seed's of the Momordica and the Luff a genera (Table 3.1).
All of these extracts showed more than 95% inhibition in cell-
free protein synthesis system. This indicated that the
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extracts from either the roots or seeds of the Cucurbitaceae
family contained high concentration of the proteins which had'
potent inhibitory activity of cell-free protein synthesis. The
present result verified the suggestion of Stirpe et al. who
showed that seeds from plants of the Cucurbitaceae family often
contained high concentrations of RIPs (Gasperi-Campani, A. et
al. 1985 Stirpe, F. et al. 1986a). So far 19 extracts that
have been found to have inhibitory activity are all from the
Cucurbitaceae seeds (Table 1.1), the present finding seems to
further corroborate the conclusion that the extracts from roots
of plants from the Cucurbitaceae family also contained
components having high inhibitory activity on protein
synthesis.
The other observation was that the inhibitory
activity, could exist in extracts of various parts of the same
plant with different potencies. Table 4.1 showed that extracts
from the seeds, roots and fruits of M. cochinchinensis all had
potent inhibitory activity of protein synthesis, they exhibited
more than 90% inhibition on cell-free protein synthesis system.
However, there were obvious differences between the
inhibitory activity of seeds and roots of T. kirilowii, and
seeds and fruits of M. charantia. Similar findings are found in
Bryonia dioica (Stirpe, F. et al. 1986b) and Saponaria
officinalis (Gasteri-Campani, A. et.al. 1985).
In order to investigate the relationship between
abortifacient activity and protein synthesis inhibitory
activity, extracts from plants of the Cucurbitaceae family were
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TABLE 4.1 List of plant extracts in which protein
synthesis inhibitory activity has been assayed in















(1) The present study
(2) Stirpe, F. et al. 1986b.
(3) Gasperi-Campani, A. et al. 1985.
present
absent
assayed for abortifacient activity. Results showed that high
abortifacient activity was concentrated in extracts from roots
of the Tr i chosanthes genus and seeds of the Momordi ca and the
Luf f a genera. This finding correlated with the results of
inhibitory activity on protein synthesis (Table 4.2). i.e.
extracts containing strong inhibitory activity on protein
synthesis showed potent abortifacient activity against mid-term
- .
pregnant mice. There was an exception in that fruits of M.
cochinchinensis showed high inhibitory activity on cell-free
protein synthesis but induced only 20% abortion in mice.
In this study, the protein components of the extracts
were analyzed by SDS polyacrylamide gel electrophoresis (Fig.
3.1). The result showed that all extracts were complex mixtures
containing more than five components. It is noticeable that
most of extracts contained a protein band corresponding to a
molecular weight of approximate 30,000. More
importantly, the approximately 30,000 dalton component was
present in all extracts showing either inhibitory activity of
protein synt hes i. s or abor tifacient activity, especially in the
roots of T . kir i lowi i , T . cucuineroides , and WL_ cochinchinensis ,
the seeds of M. charantia, M. cochinchinensis, L. acutangula
and L_j_ cyl indr i ca. Based on the physicochemical properties of
RIPs and abortifacient proteins, an active fraction showing RIP
activity or abortifacient activity should be proteins with
• •
molecular weights of 30,000 approximately (Gasperi-
Campani , A. et_ aj. 1985; Yeung H. W. e_t erl . 1988) The present
result of SDS polyacrylamide gel -electrophoresis exhibited that
extracts, showing either potent inhibition of protein synthesis
TABLE 4.2 Abortifacient and cell-free protein synthesis















































































































C. melo (6) seeds 15.0 2.0 (0%)
The sources of materials were: (1) Guangzhou, China; (2)
Nanjing, China; (3) Sichuan, China; (4) Taiwan, China; (5)
Hong Kong; (6) USA.
or abortifacient effect, indeed contained a fraction with a
molecular weight of approximate 30,000 daltons. The
correspondence among the chemical compositions, abortifacient
and protein synthesis inhibitory activities suggests that the
active component should be a protein with a molecular weight of
about 30,000 which can inhibit cell-free protein
synthesis and induce mid-term abortion.
4.2 PURIFICATION AND CHARACTERIZATION OF ABORTIFACIENT PROTEIN
FROM THE ROOT TUBERS OF WANGGUA, TRICHOSANTHES
CUCUMEROIDES
Among the active extracts, six purified proteins,
including trichosanthin (TCS) from root tubers of T_ kirilowii,
ii-t r ichosanthin (0-TCS) from root tubers of T_ cucumeroides , a-
momorcharin (a-MMC) and (3-momorcharin (0-MMC) from seeds of M.
charantia, momorcochin (MCC) from root tubers of M,
cochinchinensis and luffaculin (LFC) from seeds of L.
acutangula have been obtained in our laboratory. Due to the
shortage of the previously Isolated protein and in view of the
low yield and poor efficiency of the previous isolation
procedure, a new scheme was devised to isolate ft-TCS which
hopefully should be better than the old scheme.
%
The method of T. cucumeroides purification mainly
J
followed -the previous procedure (Yeung H.W. ejt aj_ 1987b) with
some modifications. The improvements included: (i). using
acetone fractionation instead of ammonium sulfate
fractionation. (ii). using the second ion-exchange
chromatography and gel filtration instead of preparative-
agarose electrophoresis. Each purification step was monitored
with SDS polyacrylamide gel electrophoresis and
immunodiffusion. This improved method was simpler and a higher
recovery was obtained (2.5%) than the previous method (1.5%)
(Table 4.3). The purity was satisfactory (Fig. 3.5-8), and the
- ,
minimum dose needed for (3-TCS to induce 100% abortion (0.02 mg
25 g) was lower than the previous result (0.03 mg 25 g).
General properties of (3-TCS purified using the new method were
identical with the previous report.
Wanggua has been reported to be an efficient
abor t i f ac i ent drug in ancient China (Wu B. L. ejt ial. 1988). The
recent reports reveal that (3-TCS is more active than TCS in
mid-term pregnant mice. The minimum dose needed for (3-TCS to
Induce 100% abortion was lower than that for TCS (Yeung H.W. ejt
al. 1987b; Wu B. L. et al. 1988). Wu et al. reported that (3-TCS«
also showed the effect of termination on early pregnancy in
mice by three subcutaneous injections on PD 4-6. It indicated
that Wanggua could have more applications in future, and it is
worthwhile to further investigate the pharmaceutical value of
Wanggua. The present study provides a more effective method for
13-TCS and should be helpful for the further investigation of (3-
TCS .
i
4.3 BIOLOGICAL ACTIVITIES OF ABORTIFACIENT AND RIBOSOME-
INACTIVATING PROTEINS
TABLE 4.3 A comparison of the recoveries and activities of
two methods of isolation of the abortifacient protein
from Wanggua, Trichosanthes cucumeroides
Method I Method II




Immunoreactivity identical with TCS identical with TCS
Mid-term abortion 0.03mg25g 0.02mg25g
IDs o 0.10 nM
Method I: The purification procedure involved acetone
fractionation, ammonium sulfate precipitation, ion-
exchange chromatography and preparative agarose
electrophoresis (Yeung H.W. ejt al. 1987b).
Method II: The purification procedure involved acetone
precipitation, ion-exchange chromatography and gel
filtration (the present work).
Minimum dose for inducing 100% abortion.
Inhibitory activity of the six proteins on cell-free
protein synthesis has been quantitatively determined and their.
IDco values were obtained. Results indicated that the six
proteins showed potent inhibition on cell-free protein
synthesis at the nanomole level (Table 3.4). Abortifacient
assay showed that these proteins could induce mid-term abortion
at the microgram level, and the potency of activity for each
protein ((3-TCS a-MMC, 0-MMC , TCS i LFC MCC) was
corresponded to its inhibitory activity of cell-free protein
synthesis. Among the six proteins, fJ-TCS was found to be most
active in both abortifacient (0.02 m g 25g) and inhibitory
protein synthesis activities (0.10 nM) , whereas MCC seems to
show lower activity on mid-term abortion (0.03 mg 25g) and
inhibition of cell-free protein synthesis (0.60 nM) . Comparing
their physicochemical properties, identities of these
abortifacient proteins with RIPs could be found in their
molecular weights (28,000-32,000), pi values (higher than 8.5),
and structures (homology of N-terminal , Yeung H.W. crt al .
1987e). All these similarities seem to suggest that the six
abortifacient proteins are very similar to RIPs.. Furthermore,
there would be some internal re1ationships between their
effects on protein synthesis and mid-term abortion.
On the other hand, some RIPs were assayed to see
whether they have abortifacient effect. The result showed that
%
the RIPs tested could induce mid-term abortion in pregnant mice.
80-100% (Table 3.5) fetuses were dead except gelonin which
induced the death of about 30% fetuses. The potent effect of
RIPs on abortion was identical to that of abortifacient
proteins. It is noteworthy that among ten RIPs there were four
isolated from the seeds of M_;_ charantia, and reported as potent-
inhibitor of protein synthesis (Barbieri, L. et a_l. 1980). The
present result showed that the four RIPs exhibited
abortifacient activity at the same protein concentration level
as a-momor char in and (3-momor char in. It seems to provide more
evidence to support that some plants may contain more than one
,
fraction with inhibitory effect on protein synthesis and
abortifacient activity. This result shows the same close
correlation between abortifacient and protein synthesis
inhibitory activities.
So far the actions of abortifacient proteins have
been mainly found in (i) inducing mid-term abortion (Jin Y.C.
e t a_l. 1985; Chang M.C. e_t aJL. 1979; Yeung H.W. ejt a_l. 1986,
1987a, 1987b, 1987c); (ii) termination of early pregnancy (Liu
G.W. e_t al . 1981, 1985; Tarn P.P.L. ejt eQ. 1985; Chan W.Y. et
al . 1984. ); (iii) immunosuppressive activities (Leung S.O. ejt
aj. 1987; Yeung H.W. et al . 1987a); (iv) antitumor activities
(Leung K.N. et_ al_. 1986). The similarity between RIPs and
abortifacient proteins is- very useful for studies of the
mechanism of abortifacient action. In view of the recent
reports, TCS was relatively well-characterized. In addition to
its abortifacient effect, it has been used in therapy for
choriocarcinoma, ectopic pregnancies, hydatidiform moles, and
I
invasive moles. Further investigations showed that TCS could
bind to 'the trophoblastic syncytial layer killing the cells
quite selectively. It can therefore be used to inhibit
trophoblastic tumors. The anti-tumor effect of trichosanthin
has been ascribed to its inhibitory action on protein synthesis
(Tsao S.W. ejt a_l. 1986). Similarly, the abor t i f ac i ent activity
of abort ifacient proteins may have resulted from the inhibitory
effects on the biosynthetic activity of the implanting embryos
and the endometrial cells (Tarn P.P.L. ejt aj. 1985) . Considering
the similarity between ribosome-inactivating and abortifacient
proteins, these observations together with the results
,Jt
presented here seem to suggest that the abortifacient activity
of all proteins examined is due to their effect on protein
synthesis. This possibility is strengthened by the good
correlation between the abortifacient activity (Table 3.2, 3.5)
and protein synthesis inhibitory activity (Table 3.1, 3.4,
Barbieri, L. et_ aJL. 1982a, Stirpe, F. ejt aJL. 1986) (saporins £
PAP-S M.charantia RIPs gelonin), which is particularly
evident in the case of gelonin, which has 13 the abortifacient
and inhibitory activities of other RIPs tested. Furthermore, it
has been identified that RIPs have specific N-glycosidase
activity which inactivate. ribosomes by hydrolysing 28S
ribosomal RNA in the ribosome. If the hypothesis described as
above could be established, TCS should possess the N-
glycosidase activity whichmay be responsible for its various
biological and pharmacological properties.
On the other hand, it seems that TCS induces fetal
death and abortion by severely damaging syncytiotrophoblasts of
t .
the placental villi (The second Laboratory, Shanghai Inst. Exp.
%
Biol. 19-76) . These cells have a high pynocytic activity, and it
has been- reported that RIPs are- particularly toxic to highly-
pynocytic cells such as macrophages (Barbieri, L. ejt al .
1982a). Thus it seems likely that RIPs may induce abortion
through the same mechanism as that of TCS.
4.4 STRUCTURE-ACTIVITY STUDIES OF RIBOSOME-INACTIVATING
PROTEINS
Ribosome-inactivating proteins are ubiquitous
in the plant kingdom and they share the property of being able
to activate mammalian ribosomes. Apart from their intrinsic
properties, RIPs are attracting attention because of their
possible use as immunotoxins and antitumor reagents.
Unfortunately, very little structure-activity studies of this
important family of proteins have been reported, since only
preliminary information on the structure of PAP was obtained
(Robertus, J.D. e_t aJL. 1977) until end of the last year. Very
recently, the structure of ricin was reported by Montfort, W.
ej a_l. ,( 1987). The recognition of abort if acient proteins as
RIPs coupled with the wealth of structural information on TCS
facilitates the structure-activity study of RIPs using TCS as a
model.
So far, among the abortifacient proteins the
complete primary structure of TCS has been reported (Wang Y. e_t
al. 1986). A comparison between TCS and the other abortifacient
ft
proteins has also been carried out. Yeung H.W. ejt a_l. (1987e)
'
demonstrated that TCS, a-MMC and (3-MMC exhibit a spectrum of
abort i f acient , immunosuppr s s i ve-, and antitumor activities.
Comparing the chemical characteristics of the three proteins.
all of them carry Asp at the NH2 - terminus, and they are rich in
AspAsn and GluGln residues, but do not possess Cys residues.
ai-MMC and TCS have a low methionine content while |3-MMC is
totally lacking in methionine residues (Table 4.4). Digestion
of the proteins with proteases produced different patterns of
peptide fragments as revealed by SDS polyacrylamide gel
electrophoresis (Yeung H.W. ejt aT. 1987e). All these indicated
that these! three proteins are biologically•similar but not
structurally identical. The conformational s.tudyof; these three
abortifacient proteins by circular dichroism showed that their
ultraviolet spectra were similar to each other and pH-
independent (pH 5-9). All three proteins contained about 30%
helix and 40-60% 13-sheets suggesting a structural homology
among the proteins (Kubota, S. e_t aj. 1986). And the tyrosine
distribution has also been studied by solvent perturbation and
ultraviolet spectroscopy (Chen S.Z. et aJK 1987). It is of
interest to study the structure-activity relationship of TCS,
a-MMC and 13-MMC.
For the TCS structure, it has been reported that the
TCS molecule contains 234- amino acid residues which form a
single polypeptide chain. There are no disulfide bonds in the
molecule (Fig. 4.1). It contains eight a-helices which are
relatively concentrated in the centre of the molecule and
surrounded by thirteen (3-strands. This is the characteristic
»
feature of TCS structure. This kind of structural arrangement
has not -'been reported before (Fig.4.2). There are two domains
in the structure of TCS. The N-terminal one is larger,
containing about 160 residues, while the smaller C-terminal
TABLE 4.4 A comparison of the amino acid compositions and
NHz-terminal residues of trichosanthin, a-momorcharin
and ]3-momorchar in
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Fig. 4.2 Ribbon representation of the TCS backbone
domain has about 60 residues (Pan K.Z. et a_l. 1986). Recently,
similar course of the peptide chain was found in the structure
of ricin A-chain. It seems that this structure was specific for
RIPs. Wang J.H. and his colleagues suggest this type of peptide
folding as RIP folding. On the other hand, most of the basic
amino acid residues of TCS are located on the surface of the
molecule. Even if they are buried in the centre, these basic
residues will all form salt bonds with nearby polar residues.
Thus, in this study the basic amino acid residues were selected
-«s.r.•
for the chemical modification experiments.
Specific chemical modification is mos't useful in
studying the structure-activity relationship of proteins
(Lunderblad, R.L. ejt al_. 1984). To date, specific chemical
reagents for arginine, lysine, tyrosine, histidine. cysteine,
methionine and tryptophan modification have been developed and
used as routine reagents for structure-function studies of
proteins and enzymes. In the present study, considering the
characteristic of TCS structure as described above, the
specific chemical modification would be concentrated on the
basic amino acid residues: arginine and lysine. The specific
chemical reagents, phenylglyoxal and ethyl acetimidate, were
used for arginine and lysine modification, respectively.
4.4.1 Inhibitory activity on cell-free protein synthesis
Ricin A-chain modification has been reported by
%
Watanabe , K. ejt aT. (1986). It demonstrated that some of the
six arginine residues in the N-terminal region react with
98
phenylglyoxal faster than the other arginine residues. The loss
of activity caused by modification with phenylglyoxal was much
faster than the loss of total arginine residues.. More than 90%
activity was lost with modification of about three arginine
residues. The chemical modification of arginine residues of TCS
with phenylglyoxal consistently caused a large reduction in
protein synthesis inhibitory activity (Table 3.6). Although the
number of the modified arginine residues could not be
determined, the immunoelectrophoresis profile showed that the
net charges of modified arginine would be changed under the
electrophoresis condition. Based on the position of the
immunoprecipitin arcs, the rate of modification seems faster
in the first 10 min,. corresponding the remaining activity of
protein synthesis inhibition (Table 3.6), It seems that the
definite arginine residue(s) could be modified faster than the
others and when it (they) was (were) modified. Furthermore, in
the first 10 min, the change of net charges was distinct, and
about 50% of the inhibitory activity on protein synthesis was
lost. Whereas in the later 50 min, the change of net charge was
relatively decreased, the rate of activity lost was also
correspondingly slow. It agreed well with the structural
characteristic of which most of the arginine residues were
exposed. Therefore they could be modified more readily. And the
consistent decrease of inhibitory activity on cell-free protein
synthesis seems to indicate that loss of arginine residues
indeed resulted in loss of TCS activity. Arginine residues were
necessary for TCS to show its inhibitory activity'on cell-free
protein synthesis.
99
The modification of lysine residues with ethyl
acetimidate required modification of at least 3 residues to
reduce 50% of TCS activity on protein--synthesis inhibition
(Table 3.7). The present finding showed that there are several
classes of lysine residues which reacted with ethyl acetimidate
at different rates. Modification of the first lysine residue
could cause at least 40% loss of activity (Fig. 3.15). And 60%
loss of activity occurred only when 5 lysine residues had been
modified. If seven lysine residues were modified, more than 90%
of the inhibitory activity on protein synthesis would.be lost.
Among eight lysine residues, only seven could be modified. It
indicated that one lysine resi1due is deeply buried in
the molecule. Comparing the structure of TCS, it indeed has a
buried lysine which is located at sequence position 184
belonging to a7b. The other lysine residues are exposed or
semi-exposed. The result suggests that a lysine residue
(probably was the first modified residue) might be more
important for TCS activity than the other seven.
4.4.2 Immunoreactivity
It has been reported that the clinical application
of TCS is limited by its immunological side effects. Further
investigations have shown that specific antibodies against TCS
including IgE could be formed in animals as well as human (Lu
Y.L. et al. 1988). It means that TCS has strong antigenicity.
Furthermore. it has been shown the immune response is not
necessary for the abortifacient effect (Xiong Y.Z. et al.
1976b). The enzyme-linked immunosorbent assay (ELISA) is widely
used for detection of immune response of IgG and IgE specific
antibodies against TCS since this method is very sensitive and
simple. Thus the method of ELISA was used to determine the
immunoreactivity of modified TCS. v
The immunoreactivity of arginine-modified TCS
assayed by ELISA showed that even when the activity of protein-
synthetsis inhibition remained at about 10%, there was no
detectable difference of modified TCS against antisera
specified for TCS and modified TCS (Fig. 3.14). However, the
immunoreactivity assayed by ELISA showed a slight difference
between TCS and lysine modified TCS (Fig. 3.16). This seems to
suggest that lysine residues are necessary for the
immunoreactivity of TCS but arginine residues are not. This
result corresponds with the those of the effect on cell-free
protein synthesis suggesting that arginine residues are related
to the exhibition of bioactivity of TCS but not to the
immunoac t i vi ty of TCS. It is likely that the bioactive and
immunoactive sites are located at different positions in TCS
molecule and arginine residues do not play an important role
in the immunoactive site.
To sum up, the present finding seems to suggest that
(i) the bioactive sites and immunoactive sites of TCS might be
located in different parts of the molecule, (ii) arginine and
• »
lysine residues of TCS both contribute to its bioactivity,
whereas .perhaps just only lysine residues are located at its
immunoactive site or related., with its immunoreactivity.
Although .. the;: bioactive sites and immunoactive sites have
not yet been elucidated, the conformation of TCS as described
by X-ray crystallography could be helpful for some inference.
Firstly, the present result seems to suggest that there should
be arginine and lysine residues at the bioactive sites or
affecting actions of the sites. The possible region is where
arginine and lysine residues are concentrated. As depicted by
the structure of crystallized TCS, t'he most suitable region
seems to be near the C-terminus. It involves a2 , al and 13 — 13
which include three exposed arginine and one exposed lysine
»•
residues. The sequence position are Arg 108, Arg 170, Arg 230
and Lys 104 (Fig. 4.3). This region is just located between the
small and large domains. This structural characteristic is
expected to be flexible for conformational rearrangement when
TCS binds to the target cells. On the other hand, this region
agrees quite well with the result that one lysine residue is
more important to TCS bioactivity. Secondly, the present
finding seems to indicate that the immunoactive sites involve
or are affected by lysine residue(s) but not arginine residues.
In the tertiary structure of TCS, the most possible position is
located at the sequence position 84-105 and 190-229. In the
sequence 84-105, it contains fi8 , a part of cc2 and a free
polypeptide. This region involves two lysine residues (Lys 100
and Lys 104). The other region is the segment of sequence 190-
229. It involves @11, @12, «8 and @13 containing one lysine
residue (Lys 205). This is a part of the small domain of TCS
and is relatively exposed. Finally, if the above postulations
were valid, it is noticeable that one lysine residue (Lys 104)
would contribute to both immunoactive and bioactive sites. It
seems to suggest that (i) Lys 104 is necessary for both








































Fig. 4. 3 The backbone structure of ICS
bioactive and immunoactive sites of TCS. (ii) bioactive and
immunoactive sites may overlap through Lys 104. Therefore,
segment 84-105 is more likely to be one of the immunoactive
sites.
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